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f (57) Abstract- 



Aj:5?amas C't Sf> ^ijd me&od ca* iffissjs^ a "dssp 5ca ^apeline a o^jss coumrv; pipe&« by^ wcJtf ja^ pipes lo^ei^jfir ra fojia &c^kEk&; 
phjc^s ('2^. 4) aa aTsasjgcd*: m- fes^ duis ZI) <Jtfhe a cxrorniftiasaaily £itendiag''naxsow ^gfed (less «hGta ^Scgrccs) :sxd£to 
(25), At Is£s? nso arc w^^cSs^ srsr cS as .<!) -isjit ans^te^ ^disejaly ®4jsic©m so «^ <m a singk carriage tel moves around i3se jh^^ a 

ssnaass -^te mayihg anEsmd ute pfes wi^ je^ sasse s^«d. Eack ^mi^ < J> « ijKkpeHicatfy osdHstcdso tte Ifee posMem of is arc la^IiElas 
bei^ecce a^ ^.^ ^l^^s^ihg «?^x?gs. ^'He scs i3(re gOJiJfid momasrcaSf by ^ electronic giiidasca system, w&treiadK^rical chacactenstfcs 
as src ctnrKjr 03- voSs^>.of wcidJag of «acfe. aaEsii*C2)- pipe (2, 4), rjsj^siveij'^ arc asccttamtii' sn^ a comisHson 

amisr tow^en elscascei charecOTissks nrfatmg to of tite^ipcs .wiSs the cQajg^ptsndrngielfyinra j ,t^ii3??v^^?FTTiair.g^^s«^^ 
of pipes. T^t paatkm lof an 5uc of a wgch 0) sssy 3siB be aiigii«i whb tfae ccafire cf tj» groove (2S>. 
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The pre^sent invention relates to an apparatus and 
method for welding pipes togetiier* |5oxe abeeifically che 
5 invent;ion. relates: tra- ar-c- welding' together pipe sections when 
laying-, pipelines.- .The pipeiines may be underwater •pipelines 
or inland pipelines, T3ie welding process used 1^rhen laying 
such pipelines is commonly of the. type -where a continuGus— 
wire arc welding torch, is usedv 

10 The present invention is particularly, but not 

exclusively.; concerned' with a weiding process used when 
laying pipelines underwater. When laying a pipeline, at. sea 
it is' customary to weld, on a lay-barge,., individual pipe 
sections to a pipe string {the pipe string leading towards 

15. the . seabed) The welding process takes place close to the 
surface of the water. The pipe sections may" consist of a 
plurality ^of pipe^ lengths each welded together on the lay- 
ha^^e to .form ^the ^pipe sections -^^hen required* 

The pipe-string, when, being . laid, is under great 

20 tsnsion and weld joints must,- of course^ necessarily be 

suf ficiently stroi^ to v/ithstand the high jEorces iinposed on 
■the- ^s^ld- joints', Each' ci-me a -pipe 'is ?s^:elded' .to another .pipe- 
•ext-^si'TO- tests are made zo ensure that the guaiity. of. the_. 
■■weld. ■Joint -formed -i.s- sufficient. 'The 'strength. of. a. we.ld- 

25 j oint: depends upon various factors , one beir^ the geometry 
of the path , traced by- the- point .of contact of ■ the arc in - 
relation to- the surfaces- of" the- pip-es^ to joined; If the 
.point -of .contact of the. arc is off. target, by a:S- little as a 
vsnth cx a Tniliimetre the quality -of the joint inay be 

30 reduced by enough , that, the pipe joint is rejected, when 

tested,, as: noi:: being of- surf icient- quta It is therefore- 

irnportant that the weld jr^tai _is -laid dovm in the region of 
the j-oint with great .aecxnracy.. 
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Furthermore the radiai dxstanoe of the electrode with 
respect to the pipes must change in xeiation to the depth., of 
the weld joint, the region of the joint between the 

pipes is filled with welded o^tal the surface of the ^^elded 
S ?3ietal gets closer to the welding torch. 

There are therefore special considerations that Ktust be 
taken into account .designing an apparatus f or weidxag 

such pipes together. 

A ..known . .method of. welding two pipes- tc^ether niay he ' 

10 descrxbed as f 61 lows. The pipes to be joined are prepared 
prior to the velding. process .hy heve:ilxng the .ends ox the 
pipes such that ^en the pipes are arranged iinmediateiy 
before the welding process commences Ccoaxiaily with, respect 
to each other) , an exterior cixcumf erentiai groove is 

15 defined between the two pipes. The pipes are posit icr^^d 
ready for welding. A carriage is fiK>uated on one of the 
pipes for movement around the circumf ersnce of the pipes to 
he joined^ .A welding torch is 5m>iiHted on the carriage and 
the apparatus is so arranged that the end of the metal 

20 electrode of the torch -Is opposite and relati.vely close to 
the circumferential groove. The carriage is moved around 
the circumference of the pipe and the. torch is operated so 
tha-r; an arc is directed into the groove. The arc is guided 
manually and/or by various mechanical sensors to guide xhe.. 

25 arc as accurately as possible a.iong the length of the 

groove. The welding process generally takes several passes- 

In the above -described, method the resolution of the 
mechanical sensors is such that a hutnan operator is required 
to assist in the welding process far guiding rhe arc with 

30 sufficient accuracy- 

The time it cakes to lay a. given length of pipeline is, 
CO a great extent, determined by the time it takes to 
perform all the necessary welding operations. There .has 
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tixer&fare &een- a- gen^erai desire to reduce the time it cakes 
to .ws,ld two pipes together, Any^tteinpt to -speed up rhe 
welding process ahouM not lic^'y^er l^ad to a slgnlf icaxit 
reduccion in . the. gualitv of tlie weld joxjit. 
S ito abj;ect: of ■ the- preseiic inrventloa is to provide an 

apparatus and method for welditig pipes together that 
mitigatres at least ^ome of the ai>ove-mentiorxed disadvantages 
associated with the known method and. apparatiis. described 
aiDOve, A further object, of the present invent ion is^ to 
10 provide an apparatois and method for welding pipes togejther 
'that is faster at welding pipen together than the .known 
method and apparatus' described above but without 
^xgndaicantiy- reda£:ing the qiiality of w^ld joint - 

Thus the present invent-ion provides a welding apparatus 
15.. for -welding- pipes/, together- .to .form Na-' pipeline- -comprising- 

a earriage'' carrying a plurality of arc- welding' torches, 
a .control unit ..for .facilitating, autos^tiic giiidance of 
t^he axes prcdiiced by the torches, wherein 'th-e appara-tus is 
so configured that it may be used to_ weld together, two pipes 
2'0 'laiid ^end to 'end defining. - therebeit^een..' a. groove-,, by arranging 
the apparatus so that 

the- .carriage • is - .sK>unted' for- ntoveittent around " the 
eirornafererrce of the plpss^ - 

■the, control unit receives' signals- represent xng. - 
25 electrical characteristics of the weidxag with regard to 
each', pipe f respectively > whereby- 

the- control unit facilitates- auton;a-cic- guidance cf ' the- 
arc of each torch: along the groove by coxsiparing the signals', 
relating co one -of t-he. -pipes ■^.v'it.h ■-t:-he corresponding ^signais 
30 -relating t-o. the. other:, of:, the. pipes,. 

Bot.k- ths autossation. al the process.' -and^ the provision- of 
a piuralicy of torches^ on the carriage facilitate the 
.speeding .of the weld:ing process, whils-t •:no.i: necess-arily 
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signif icanliiy increasing the coirolexity or cost ot the 
welding apparatus. Costs may also be reduced because, there 
is no need for there to be a sfcllied operator for manuaiiy 
guiding the welding apparatus. 
S- Tlie -present. inveRtion- also provides'- a sse'thod" of' welding 

two pipes together, the method coraprising the steps of 

arrajaging .tv«o- .pipes -end to -end, the--pipe-s -being -so 
shaped that a circumferentially extending groove is defined 
between the ends of the pipes, 

10 effecting relative tnovern^nt of a plurality of arc 

welding torches at. subs,taiitially tiie .saise .^pe^d -.ciround .the 
pipes and operating^ the torciies so that their arcs form a 
weld in the groove, 

automatically guiding the arcs produced by the torches 

15 by ascertaining electrical characteristics of the welding 
with regard to each pipe> respectively, and cotaparing the^ 
electrical characteristics relating to one of the pipes with 
the corresponding electrical .characteristics relating to the 
other of the pipes . 

20 The present invention yet further provices a metbc^i of 

forming a deep sea pipeii-ne or a cross country pipeline 
including a step of v^elding two pipes together, said step of 
welding t^^o pipes together comprising the steps of 

arranging two pipes end to end, the pipes being so 

25 -shaped that a circumferentially extending groove Is defined 
between the ends of the pipes, the angle of separation of 
the walls, defining trie groove-being less than 10 degrees, 

effecting relative movement of a plurality of arc 
welding torches arranged on a single carriage around the 

30 pipes and operating the torches so that their arcs form a 
weld in the groove. 
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each toEch- being; niQved around the pioe with 
stibst:OTtialiY the same comi>onent of ^^Locity along the 
lengtii the groave^ 

eacfe torch being ijidspenciently moved so- eh^t the 
5 . respectiw positions of the arcs .within the groove oscillate 
between the walls <5f. the groove in a direction having a 
eonipGRent parallel, to the. axis: of the pipSr and 

autoisaticaily guiding the arc produced, by each of the 
•torches .by ascertaining, .in respect o-f an. arc.,, electrical 
10 characteristics of the welding with regard to- each pipe> 

respectively,, and. cosK>aring. the .electrical characteristics 
relating to. one of the- pipes with "the corresponding 
.electrical .characteristics relating to the olrher of the 
•pipes • 

.15. .«hen the torches are first operated to- form a weld, it 

is. prexera&le- ±br a first torch to, start welding and .ior . 
other torches, to start welding only once they have rea.ched 
the pDsitioa at «hich the- f ir.5t torch was started. The 
torches saY he shot" down- is order in a sisiilar laanner. 
20; Many proposals, have been made -in the past to speed up 

the velding process with which the present invenf ion is 
.concerned- One such propos^al is. to provide .more than one 
«eidihg apoaratus/ each «eldi3g apparatus being operated by 
a r-spective.weldimg -oparator.. However. SBCh a proposal 
25 retires the provision of separate carr±ages> which laaos. to. 
an^increase in . costs-. Mso. because it has "oeen ca.t0.ar3r 

^.st: l^ox the. cxrcuaifarentiai groove, bstween the pxpes 
to be tapered, it has. also been customary for the speed or 
tKe .-.eldihg tbrch xalative to the pipe to he sloped, down as 
3. the de^th. of the weld loint increase., because as the cepth 
.Pc^eases: the> width of the layer of -the -weld joint .0 oe 
•formed increases, and therefore the tiine required to form 
..cc^slva layers (of a given length along, the groove) also 
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increases . Thua proposais of. providing: two carriages each 
carrying a torch of ten require the carriages to be able to 
travel independently of each ..otiier and at 4if^erent speeds^ 
which causes CGiT5>licatioxis xxt that efforts inust be made to 
5 avoid the carriage and torch assemblies dismptiag. and 
±Dfc,erxering with each other . 

The automation of the guidiag of the weldiag torches 
according to the- present imrention f acilitaties' the provision 
of a plurality of such torches mounted on a single carriage, 

10 If the g u iding o£ the torches -Mere not. fully -automated, -a 
pliurality of operators might be required in respect of a 
single carriage . Furthermore the method of ■ autoraaticaily 
guiding the torches according to the present invention does 
not require mechanical contact with .ths .walls that defir^e 

15 the groove and has been found to be highly accurate, ^rhich 
could lead to fewer welds being rejected,/ when, subjected to. 
,the:.rigorr^us quality testing necessary wh^ laying 
pipelines. Preferably^ when the arcs are being moved aloi^ 
the length of the circumferential groove, the guidance of 

20 the arcs, insofar as the movement of the arcs in a direction 
aloRg the axis of the pipe is controlled, is effected 
without any mechanical or optical sensors . 

The guidance of the arcs., can be>. and pref erably is> 
effected by a carriage moving circumf ereritially around the 

25 pipes and along the groove so that the torch points 

generally tov/ards the groove and a control unit controls the 
exact position of the arcs by effecting correcting movements 
to the torch in a direction parallel to the axis of the 
pipe. Such correcting movements preferably, but not 

30 necessarily, move the arc to substantially ^he exact desired 
location- 
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Preferafalyv each arc is independently autottiafcicaliy 
electironically g^iMed. Guiding, each: arc independently may 
facilitate the production of a higher quality weld joint. 
Preferably the process of automatically guiding the arcs 
includes a step of ascertraining the- difference between a 
value representing an electrical characteris€-ic relating to 
one pipe and a value representing the same electrical 
characteristic- relating to the other pipe and then 
perf<>rming a correc-cdng fno^reaseht. in. which the position, df 
the .arc is moved in dependence on the value • of Che 
difference. For exasrtpie, the pasil:ion - of- th^ krc .njay.be 
moved a .preset distance Cfor example, in a direction along 
the- axis, of the pipe).' if the value of the difference: xs'. 
outside a predetermined range ox acceptaiile values. The 
15 direction of the taoveinent may de5}end on whether the value of 
the difference is- above- a high threshold value or below^ a 
low; tfereshoid value. The magnitude . of the correcting 
TROvenient could depend on the value of the dif f.er.ence, 
The-^neasure!T!ents, from which the values of the 
2(y eisctzriGal Gharacfcaristics.- compared are ascertained,, are of 
ocurse .preferably taken with the arc being at substantially 
the .same distance . along tJie: length- of - the- .groove-. 

If -a correcting asovemenC is only effectrsd^ wiien the 
value of the difference, falls outside an -accspcabie; range of 
25 values it is pref erabie to have a further taeasis of 

ccrrecting the nsovement, if over time- the- value of the. 
difference is indxcarive o-f the- arc- being- continuously off- 
position to one.: aide of the. desired path, -but not by enough 
■to cause the value of the -difference -to be .outside .the 
predetermined acc^ptaible range, then it is nonetheless 
dfesirable- to correct fhat srnail. but persie^tent discrepancy 
in- the position of the -arc. The method therefore- .preferably 
further cosiprises inonitoriiig the values of the differences 
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over time and xf the valxies' of the differences are 
indicative of the arc being stibstantiaily continuously to 
.oixe^ide ox the desired path a correcting tisDvem^^ of the 
arc is effected. For exanple an integrating device might be 
S provided to calculate a running sum of the values of the 
calculated differences. 

The electricaul cbaracr exist ics that are ascertained rnay 
include one or more of voltage, potential difference, 
cizrrent, current intensity and, arc. Impedance* The 
10 characteristics are prexerabiy ascertained by measuring 
electrical characteristics of the axes of the welding 
torches'. 

The torchea need not all he operated in the same 
manner. Some torches may be operated at different cxirrents 

IS for example. Two of the torches effecting welding of the 
pipe, may weld at. dif ferent rates.. For ex^inple, one torch 
may be fed with x^elding wire at a different rate. 

The separation between the respective arcs is 
advantageously lers^s than a fifth (and prexerabiy less than 

20 an eighth) of the circximference of the pipes. The torches 
are preferably arranged so that each torch is directly 
adjacent to another torch. Preferably the torches are sq 
arranged that during the operation of the torches, the arcs 
are formed directly one after the other in the groove. The 
5 a^ces of the torches may be substantially parallel. For 

example, the iaxes o1f the torches may be arranged so that, in 
use, they each extend substa^ntialiy radially with respect to 
t he pipe . 

A plurality of the welding torches are -preferably 
0 mounted on a single carriage- Preferably, there are two 
welding torches moxinted on the carriage.. In., that case,, the 
arcs of the two welding torches are preferably immediately 
adjacent to each ocher. 
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Preferably each torch is a continuous wire arc: welding 
torch. For exainple, in use., the wire- is fed into, the torch 
aad,,. by means of the arc welding process, fills the groove 
between the pipes to form the weid joint. The supply of the 
5 wire is advantageously mounted remotely from the carriage. 
Haviijg the. supply of* wire being remotely provided makes the 
carriage lighter and consequently easier to operate. The 
wire niay be nwunted on a spool . A typical spool of .wire can 
weigh about 2-SKg. 

10 The aut:oH»atic electronic guidance of the weldiag 

enables the method ox the present isivention to h& used to 
weld pipes together, where the angled groove between the 
pipes is relatively narrow. For exatts^le, the angle of 
separation of the. walls defining the groove inay be less than 

15 10 degrees.. The angle of separation of the -wails defining 
the . groove is advantageouslT S degrees or' less . Ganerally. 
the narrower the angle, the. le:as weld., material is required, 
to weld the pipes together satisfactorily. The walls 
defining the groove may even be substantially parallel. 

20 Preferably, each tor-ch is movable- independently in a 

direction having a component parallel to the, axis of the 
pipe . 

A suitable -method ox ascertaining the necessarr values 
of - the- electrical, characteristics- relating to., each: 
2S respective pipe. is. described belov,. A step of that method 
.preferably ineludes oscillating each .^siding torch so that 
the position of each arc aite-rTati-^ly nioves f rorn^ one s±dB 
tc- the otJier of the general. pat:h being traced along t.he 
groove by each respective torch. The torches are thus 
30 ^f'fe-ably moved so that the respective positions ox the 

.arcs within the groove oscillate bel:^een the. «ail3 defining 
the groove. Each- welding torch is preferably oscillated so 
f.^t the position of ^ch arc alternatively .tm=ves generally 
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towairds and away from the walls of the groove. The 
oscillatory movement of each arc is preferably in a 
direction having a cos?>onent in a direction aloi^ tfee axis 
of the pipe. Preferably, the direction of the oscillatory 
5 rr^vement is siibstantj^aiiy perpendicular to the- length of' the 
groove. Preferably, the direction of the oscillatory 
movement is substantially parallel t.o the axis of the pipe. 
The oscillatory ns^veimint of the arcs towards and away from 
the wails of the groove is advantagaaxisly small in. 
coinparison to the width of the weld layer being deposited at 
a given time. The arrplitude of the oscillatory, csovement Is 
advantageously so small that the quality of the weld being 
formed is not significantly affected. For example,, the 
aniplitude of the oscillations of the arc may, diiring at 
15 lease some scage in the welding process, be less than a 
tenth of a millimetre. 

As indicated above, the step of ascertaining the 
electrical characteristics of ,the welding .v;i;th .regarfi to 
each pipe preferably includes a step of oscillating the 
20 position of the arcs in the groove. Since the electrical 
char acoeri sties of an. arc change in dependence upon the 
relative position of the arc in the groove^ an indication of 
the position of the arc wichin the groove can be 
ascertained, by obser^/ing and comparing the electrical 
25 characteristics of the arc, as the distance of the arc from 
Che walls changes. 

The movement of each torch in, said direction having a 
coinponenc parallel to the axis of the pipe is preferably 
driven by a respeccive independent prime nK>ver.. A single 
prime- mover preferably effects rreotion of the torches along 
the length of the groove. The or each prime mover may be an 
electric rnotor, preferably a brushless electric motor. 
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ifaavantageously, each- tori3b ia. ccfcO-edt. duxing: operation. 
In. that case, each torch may be proviaed with means for 
codling the torch during operation. When a torch is 
operated in close proxitnity to another torch that is also 
5 being' opei-ated. the^ excessive amount of heat generated by the 
two torches can cause mechanical probleifns to the torches or 
other apparatus in the vicinity, if: the- heat is not properly 
dissipated. Preferably the torches are each watfer cooled. 
2re£srablyr the water cooling system of a, torch effects 

10 cooling of the welding tip of that torch. 

The present invention also provides a method of 
constructing a pipeline including using the method or 
apparatus, aecording to the present invention as described 
•herein. The pipeline way be an \mderwacer pipeline-. The 

IS- technique used., in. laying the underwater pipeline may be the 
J"-lay sffiBthod . 

.If the Above -described invention is ased to connect a 
pipe section to a pipeline" one: of the two pipes will be the 
pipe, section and the other will of course be the. free end ox 
20 the- pipeline -to whi.ch. the. pipe section is to .be connected. 

Whilst in the case -^^lere a pipe -section i3 to be .welded- to- a- 
pipeline it is necessary for che pipe. section to be 
prevented froin- rotating, at least soine of the tefifares of 
-the present invention can, -of course, also be of use when 
23 welding pipes together, such -aa for axaa^le v..hen welding 
pipe lengths, together to form a pipe seccion, where it is 
possibie for the pipes to rotate and for the- welding 
apparatus to remain stationary. 

The invention also provides a method as described above. 
30 wherein the pipes are of a size and. have a wall thickness 
suitable .for iorss^ng a deep. sea. pipeline or a cross councry 
oipeiine, and the pipes are joined by butt welding effected 
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fay an automacicaiiy guiding welding apfparatua;* the mechcd 
con^rising t:h[e steps o£ 

- arranging coaxialiy two pipes to be joinisd next to each, 
other, the end wails of the pipes facing each otJier 

5 defining a circumf arentialiy extending beveLlied grt>cve. 

having a. left v?ail and: a right wail, 

- providing a welding apparatus including 

' a guide tsoxHited around the ciroaiitferenee of the 
pipev 

10 - ,at ,.least .one autmiatic tracking, trolley 'Taounted- on 

the guide for tnovetnent therealong and around ti>e pipe 
under the control, of a control unit^ the or each 
trolley cotrK>rising locking and sliding devices 
engageable tvith the guide^ ^and pulling imits foi- 
ls pulling the or each trolley along the guide, 

- two continuous -wire oscillating welding torches 
maunted on the or each trolley, and 

- a wire feeding means for feeding wire to each 
oscillating welding torch, 

20 - moving the welding torches around the guide and 

operating the torches .to effect welding of the left wall 
and right wall of the groove to weld the pipes together, 

- in respect of each torch, ascertaining, at each of. a 
multiplicity of instants over time, electrical parameter 

25 values relating to the voltage, ciirrent intensity .and 

voltaic arc impedance of both the left wall and the righc 
wall of the groove during the continuous movement cf the 
oscillatiTig torches, 

' in respect of each torch, calculating the difference 
30. between the eieLCtrical. parameter values- for the right 

wall and for the left wall, 

- in respect of each torch, comparing the values of ~he 
differences calculated, at each inscant, with preset 
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^Ixxe^ held: xn a: processing means to determine, ax ^ach 
instiant, the shifting of those values, 

- piloting the variation in the Tnovements of each 
oscillating- welding tor.ch. by activating, each time the 

5 shifting' in relat ion to^ tte respectl ve. torch, exceeds a 

preset limit, a drive means for orienting the torch so 
that the welding run is deposited _in the centre of- th:e 
throat of the groove and then subs t ant ially superimposing 
the-: welding run on the Tiotrional central, line- of the 

10 groove , and 

- providing a protective" attaosphere of active carbon 

dioxide gas, whereby 

pipes v/ith ^ vmlls that -are relat ively. thick and. so 
bevelled that the angle between the left and righc wails of 
15 the grotwe def ined between the ends of the. pipea_ is 
reiative-Iy low nsaiy" be quickly welded togeth in an 
ecnriomical manner. 

According to the invention there ±s also provided- a 
welding apparatus for welding pipes together to form a 
20' pipei:ine-/ corrfprlsing 

a carriage carrying a plurality of arc welding torches, 
a conrrcrl unlit f or faclLita ting automatic guidance of 
the arcs produced ' by the- ts-^rches, wherein- the- apparatus ie^ 
so configured that it nsay be used to weld together t>/o pipes 
25 laid end tio end defining therebetween a groove, by arr aiding 
;ths • apparatus ■ so -.that. 

the- carriaae- is--' ftsountred for nJove£isent-: axbund .t:he- 
circumference of the pipes, 

the control unit receives signals r^presenclng 
30 electrical charact^erlstics of the weidina v/ith regard to 
each- pips , respefctl-velyy. whereby 

Che control unit facilitates automatic guidance of the arc 
of eaoh torch along the" groc^/e by cotroarxog the signals- 
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relating to one of the pipes with the eorrespondxng signals 
relating to the other of the pipes. The apparatus aiay, of 
course, be so coafiguxed that it is suitable for use in a 
method according to any aspect of the present inv&nticn as 
described herein. For exapiple,. the apparatm nay be so 
conf igiired that in use each arc may be independencly 
autcsaatically electronically guided. Ja that case, -each 
torch is preferably provided with a respective control unit . 
Further examples of how the apparatus aiay be. configured to 
perform an aspect of t;he method of the present Inventian 
include each welding torch preferably being so arranged that 
it is able in use to effect an oscillalrory movement of the 
arc and each welding torch preferably being able to be 
oscillated so that, in use, the position of each arc 
aiternativeiy moves generally towards and away from the 
wails of the groove. 

The.- invention further provides a carriage for use in 
the above -described apparatus and tnethod invention, whj.ch 
carriage may or may not include a welding torch. The 
carriage may include means for mounting a plurality of. 
torches. Preferably, the -carriage has a plurality of 
welding torches mounted thereon. The carriage tnay include 
one or more control vuiita as described -herein. 

The present invention also provides a welding apparatus 
25 for welding pipes together to foxm a pipeline conprisiEg. a. 
carriage carrying a plurality of aire welding torches, 
wherein the apparatus is so configured that it., may be used 
to weld together two pipes laid end to end that define a 
groove therebetween, by arranging the apparatus so that the 
carriage is .mounted for .movement around Che circumference of 
the pipes. Advantageously, there is also provided a control 
unit for facilitating automatic, guidance of the ares 
produced by the torches. Preferably the automatic guidance 
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at th& arcs is effected mea&iirir^ electjrical 
characteristics of the arcs, 

Tite aatoTnation of the guida^e of the torch^ cn a 
carriage, as described above, could of coux'se have use in 
S' welding^ apparattises: where, only one welding, torch is. provided, 
on the carriage. Accordingly the present in^^ntxcn also 
provides an apparatus as described above, but Instead of 
having a plurarity of torches inounted on the carriage, the 
carriage: has only one torch* 
IG As will be appreciated, features of one or more of the 

abcve described apparatuses and methods of the invention can 
be iiicoirporated int o^ other apjjaratuses and methods ' of / the 
invention ^ 

Enibodiments of the present invehtion will -now be 
IS described, by way of example, with reference to the 
accerEipani^-ing' draisirdngs- of' whlch^:- 

Fig 1 . is a schematic side view of a welding apparat\is 

including two ^^eldxng torches (only one cf-v/hlch Is 

20- shown for r he purpose of clarity) according to a 

first embodiment; of the present invent:ion.r 
Fig 2, is a seheinatiiG block diagram illustrating the 

ant'oafflitic- guidance- s^rsee^^ of ■ the welding;, apparatus of 
the first: embodiment; and 

25 Fig 3^ is a sche!nacic perspective view of a welding 

apparatus, including t^^ welding torches according zo 
a- second emtoc^i-ment'v of . the: pr^aent invention.., 

Pigure 1 .shows .In ..partial' cross- section the ends, of the. 
30 . pipes. 2.. 4., to. be welded together and a schematic s-ide vde^: 
ot a.- welding: apparsttis 1 0- -having -t^o -vQltaac- arc -welding , 
.torches 1 {only one of which can '^e seen in Figure 1.) for 
butt -welding the pipes 2, 4 together. The. welding corch is 
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Of the veil known <^AAW (gas- metai arc welding), and can 
either be of the type ased In mG fmeeal active gas) welding 
or of the type used in MIG (njetal iaert gasj u^diisg.. The 
gas used may for exaTi^^le be aaxhon dioxide. 
5 The pipes 2, 4 are arranged with their axes aligned and 

their ends 2S, 27 next to each other . The ends 26, 27 o£ 
the pipes are bevelled so that when brought together they 
define a circtimf erentialiy ei^ending exterior groove 28. 
A track 6 is fixedly mounted as a single txnit on the 
10 lef t hand .pipe 2 .(as vie^^ed in Figure 1^ . The track 6 

extends cxrcumf erentially around the pipe 2? The track S 
has two guide tracks 29 ,. 20 that, extend around the pip-a-'2. 
The welding apparat^is 10 is mounted for movement along the 
track 6* Wheels 5 are rotatably siaunted on a base plate 7 ox 
15 the welding apparatus IG . The wheels 5 engage with the 
guide tracks 29, 30 and facilitate the guided . movement of 
the apparatus 10 -along the track One of the tracks 10 
also provides a toothed rack that extends aroimd the pipe. 
A pinion wheel (not shown) , rEu:>unted for engagement witii the 
20 rack, is driven so thac the apparatus may be driven around 
the pipe 2 . The driven pinion .wheel may be rotated via a 
driven chain, which is in turn driven by a stepper motor, or 
similar driving source (not illustrated) . The track. Is so 
positioned on the pipe 2 that the torches 1 of the apparatus 
25 10 are each positioned directly over the groove 28. Such 
methods of positioning a track and a welding apparatus on a 
pipe so that a torch of the welding apparatus is correctly 
positioned over the weld joint to be formed are well knoira 
and are therefore not described here in f urther detail , 
^0 Ih use, the apparatus 10 is driven around the pipes 2, 

4 and the welding torches 1 are operated and controlled so 
that they deposit weld aiateriai in the centre of the groove 
28 to form a weld joint 3, The weld torches are arranged 
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jiB^t- to eacli ether . Wheri the apparatus is started up the J 
first torch (the torch at the Xroat in respect of che 
irLitial direction of " nuDt:ian the torches) ±s x>perat;ed 
fixst and the other: torch is not operated until it reaches 
S the start - the wald. laid down, by the f irst torch. Then.., 
as the apparatus 10 passes along the groove 28, v/eld 
mat^erial is deposited in thet groove by the first torch to 
form the weld joint 3 aini shortly thereafter further *^eld 
inatarial is deposited on top of trhe weld joint- -3 by the- 

10 second torch. The apparafas 10 perfonre sev^ai . passed 

depositing fvirther layers of weld material in- the groove to 
Join the pipes' together. The welding apparatus' 10 rotates 
in. both directions aroiand, the circumference of the, pipes 2, 
4. The welding apparat^as 10 moves around the pipes 2, 4 in 

15 one direction {i*e. clockwise or ant iciockwisel until it has 
rnaved arox^nd-^ thie' entire cir-cumference' of. the'- pipes: atv, least 
once . 

Both torches 1 f miction in a similar way * The 
following description relates to only one of the t^^o torches 
20 and., its guidance, system, but it. \^rill be understood that- the- 
other torch functions in substanrially the same way. 

W^-jding wire ,9^ is continuously fed from a spool 11. of- 
wzre to thB torch 1.* "Rxe welding wire- 9- is^-^unwcmnd from, the; 
wire spool. 11 by means, of. a. pulling device .14 which conveys 
25 the wire 9 via a guiding pipe 8 to a Hferaiiiihg device 12., 
from l'^hers the wi-re is fed. into the torch 1. 

The-- \^iding.- or' the'-pipe^?- andv4-,-. 'by^'th-e v/elding; -torch, 
is controlled by an automatic guidance system. The guidance 
system guides the welding torch by ascertaining electrical 
.30 parameter values relating to the voltaic arc iu^jedance, Trie 
are in^edance depends on> inter alia, the position of the 
welding arc in relation to the vialls derining the groove 2S, 
If the arc lies in the norional central plane (concaining 
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the centre line of the groove 28) halfway becween the 
of the groove 28, then the influence of those walls oo the 
above electrical paraaijefcers is practically Identical- On 
the other hand, if the arc of the voltaic torch 1 is not 
5 positioned directly in the centre of the groove 28 t:he 
influence of the wails of the groove on the eiectxicai 
parameter .valigies mil. -be different . Monitoring the 
magnitudes of an electrical paxaisteter ascertained enables 
the control unit (not shown in Figure 1) of the apparatus to 
10 calculate the deviation from the central position of the arc 
of the torch 1 in the arocve-28. More specifically the 
magnitude of the values of voltage, current and isnpedance 
(V, I, R} relating to one wail of the groove 23 are coir^£3red 
with those relating to the ot hex wall of the groove, during 
15 the continuous movement of the torch 1. The voltage and; 

current of the arc is measured w^^ith equipment attached to or 
in the welding torch and the arc impedance can then be 
calculated using those measured values. The method of . 
ascertaining those values in respect of a given wall of the 
20 groove 28 is explained below with reference to Eiguiie 2. 

If the arc is in an off /-cent re position, in that the 
arc, the end of the wire 9 and welding bath are closer to 
one of - the ^wails of the groove - there will be a decrease in 
the ^j-oltaxc arc inipedance with respect to the opposite wall, 
25 since the welding apparatus is. such- that the voltage value 
is caused to decrease and the current intensity is caused to 
increase.. Corrections, in the orientation -and position of 
the torch l in relatron to the groove 2S and' the weld 3 are 
achieved with the ..automatic guidance system in real time... 
30' The block: diagram of Figure 2 illustrates schema ticaily 

the autoniatic guidance system of the welding apparatus 
according to the first emfaodiment {illustraced by Figure 1) 
of the present invention. Each torch is provided with ^ 
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guidance syscens, but the system is illustrated and described 
w.ith.rfi:feretice.-. t-o-a -singl-e torch only for the sake of 

simplicity.. ' 

Ther g?iidaiiss- system periodically ascertains- the 
electrical parameter -values of voltage, xrurrent intensity 
and ^/oltaic- arc- iK?>edancer. relating to the. right wall and 
left wall wiiich- def ine- ths groox's 29 (see' Figure-- I)- . The 
welding torch, is oscillated so that the oosition of the arc 
oscillates with a small atstplit^ide in a direction 
siabscantiaUy .parallel to. the axis, of the pioe (so that the 
arc ineves-^ towards and away from each wall} . The arc voltage 
and CTirxent are measured practically continuously and 
sigHais -earrespohding :ts> chose nieasured- values- are passed 
from the torch I via a cable 25 to a governing unit 15. The 
15 govsrsiing \3n±t 15 includes a processing: means . which 

the sigi'^s- The governing ynit 15 ^ends signals 
iva of the - el.ectm.cal . parameter values measured, 
for- the leftr and right walls- to two- digital filters l.^--,.. rS'. 
one filter 16. for generating, signals relating to the right 
•wall and one filter 'IS- for -the left wall.. 'The governing' 
uru.t IS and filters. 16,. 18. are thus, able, effectively to 
extract', f rosss- the si.gnala.- -crow- the torch- -i-,,. signals- 
corresponding to values of the parameters measured in 
-respect -of -the --arc -is .-rela-ti-on to fhe^- left' wall and r-ighc. 
wall, respectively, of the groove 23 . Output signals are 
thus., produced.- by -ths -filt-ers- -iS., -iS- -relating -to -the -voltage., . 
currenc and insjedance -values relating to their respective 
wall - Of the--.sroo\'e- 

K differersce- unit;- 19- calculates- an- indiea-t-ion- ot. the 
position in the gsoove of the arc of the torch by 
caicalating "the -differences In -the vaivies reiafii^ -to >hs 
left and right walls respectively, determined from uhe 
signals recei^-ed^ - f roe the- filters 16. 18. llie^ calculacions. 
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which are made practicaiiy continiieusly, are' used in real 
time for controlling tire position and orientation of the 
torch i relation, to the groove . 2S. 

If tha calculations madfe. Indicate that the differeiice 
5 in desired position of the arc and. the actuai position of 
Che arc. ia greater than^ a fixed and preset threshold 
distance, then a signal is generated, which causes a gain 
unit 21 to activate . a ccKJsSiar^ signal, ^^ich by n^ans of an 
amplifier 22, causes a drive unit 23 in association with a 
XO ceititrln^ rreguiation unit 24 to move the is?elding torch 1, so 
that the arc is trsDved towards the desired location (the 
centre line of the .groove ) . 

If the calculations made {by the difference \mit IS) 
indicate that .the . difference in ..desi^red. poaiJ:ion. -af. the arc 
15 and the acttial position of the arc is less than or equal to 
the preset threshold distance, the gain unit 21. does not 
cause the. torch to -be moved; However signals representing 
"the difference values calculated by the difference unit 19 
are sent to em integrator xmit 20 that is also provided to 
20 regulate the positioning of the torch l dtiring the welding 
process. , If the position of the arc remains, near the 
central line of the groove 28, and the siim of the distances 
CO the left of the line is .practically equal, ovrer time, .to 
the sum of the discaiices ~ to the left of the line the 
25 integrator 20 will not generate any centring movement 

command signal through the anrolifier 22, However, if che 
position of the arc. although remaining within the tolerated 
range of distances, from the central line of the groove, is 
found to be prevalently to one side of the line, then the 
30 integrator 20 activates a command signal, which by means of 
the amplifier 22, causes the drive unit 23 and centrinq 
regulation unit 24 to move the welding torch i, so that the 
arc is moved towardis the desired location {the centre line 
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of the groove.) . 

The 'Oai'Cnai-atlon-s^-perf-G'rmed by th^ ■au^tomat'lc "guidarix:e 
systam may include performing com?>airisoixs between caiculated 
vai^es relating to the actiial state of the- weidin^ system 
5 aiKi saxtiplB ^valLies held In the xomdavy bf the guidance system. 
Such sa?r^le^ values may be- ^ent^ered into the memoxy Tnanuallyi 
bv' keytjoaxd'* 

Figure 3 shovs schematically a v/elding apparatus llQ 
according to a second er^sodirsvent of 'the prWsent imrentiDn in 
10 perspective view. The apparatus operates in a similar 

??5am3er to that of the firsts e^odiisent deHcribed abcrt/e . The 
welding torches 101 are aligned so that when the apparatiis 
llGds ■mounted ^OB a -pipe :^m:>t .^sbimm-- ±n: ms:^3'^ ■:theyi>oth 
point towards the sas^ rational circuaif erential line 

IS acfctend±ng,.airoHnd. irhe-^pips.: '^Sbeels. 105- -ara-'- pro-voided for 
engaging with a guide track {not: shovnn in Fig -3) that , an 
lise.-, extends .a^roLmd - one- o£. .the- pi^^es to -be welded. 

The- jnairsr' differences- between the apparatus according; to^ 
the second embodiment and that of the first embodiment will 

2^j'- no^ he .-dsscribed . 

The . welding wire Cnat„ shovn:i) or" the second embodiment 
is- not" ptro-sFxdjed:- on: the aovable' welding'- apparatus- ^n'Oy rather- 
it is mounted at a 'loca'cion remote from tihe apparatus , and 
.fed ...f ross that reinots" location, via- -a- .guide- pi:pe> tc t-he ■ 

25 welding apparatus as it moves around the pipe. It: is 

therefore- useful, that the apparatus, is able to- move, both.. 
clock\#ise and anticlockw-i'se around the pipe, to reduce the 
chance of the welding T.^ire beco?34ng twisted. 

The torch-es' IG'-r-'are- each-^^^ter coel-ed^, The^ t^afer is- 

2Q. pumped, around a cooling, system (not shown), inciucang parts 
of the torch. Ifhe^ v;ater heated by tihe operating torch 
passes into a heac exchanger, such as a radiator, so that in 
is- cooled. 
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1. A . methtsd of forming a deep sea pipeline or a crc^s 
countr].- pipeline including, a step of welding, ewo pipes 
together, said, at^ of velding. two pipes together comprising 
tiie steps of 

arranging two- .pipes end- to .end, the- pipes - being so 
shaped that a circumferentially extending groove is defined 
bet%»feen the .ends of .tii^s pipes,, the azsgla of. sepai:aclcn.- of 
the walls defining i:he garoove being less than 10 degrees, 

effecting relative moveni^nt of a. plurality of arc 
^^elding torches oHE:?ranged on a single carriage around the 
pipes and operating the torches so that their arcs, .form a 
weld in the groove/ 

each torch being moved around the pine with 
siibstantiaiiy the same component . of •velocity along the 
length o^ the groove, 

each torch being indepen4ently uKDved so that the 
respective positions of the arcs within the groove oscillate 
20 between the walls of the groove in a direction havixsg a 
Gonrtponent parallel to the axis- of- the pipe, and 

automatically guiding the arc produced by each of. the, 
torches^ by -ascertaining, in respect of an are, elecurieal 
characteristics of the welding with regard to each pipe., 
25 respectively, and comparing the elecnrlcai characteristics 
relating to one of the pipes with the corresponding 
electrical characterisclcs relating to the other- or. the. 
Dines . 



2 . A raethod of welding two pipes together, the method 
comprising the steps of 
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arrajiging t^o pipes^ end to end, the- pipes being so 
shaped that a circumferenniaily extending groov^e is defined 
bet-itfeen the endS' of ^he ntpes., 

affecting relative movemenc of' a pliirality of arc 
•5^ weidiiig, torclies. ^t -siibstantiaiiy "the 'sa^ ' speed- around, the- ■ 
pipes and operating the torches so that their arcs form a 
weld in tlie groove , 

autdmauically guiding the arcs produced by the torches 
by ^arSoertaixLing ei-ectrical GharaGteristics of . the. weld 
10 with regard to -each pipe, respectively, and comparing the 

electrical characteristics relating to one of the pipes w^ith 
the- cosrresponding- eiectrical characteristics - relating to- the- ■ 
other ot the plpea.. 

15 3 . A laethod according, to claim I or 2, wherein each arc is 
independently- atit:oma^:icaliy:--ei-eetronically -guided* 

4. A sfiethod according, to any preceding, claim,- including 
the step of ascextaxning the dif ferenice between, a value 

20 representing an electrical characteristic relating to one 
pipe-* and s.- va-l-^jte- rspresent'ing- the.- same electri.eai 
characteristic relating to the otiier pipe .and then 
performing -a ■ -corretcti-iig ■ipo^rement ^-^ovrirrg- .the ■ positi-ibx^-. of; '.-the- 
arc- in. dependence on the value of the difference* 

25- 

5. A method according to claiia ^4, "wherein a correcting 
.uyD^^^sRent" i's: --e-f f-ected ' when- the- -value- -of - -the'-difrerence .falls ■ 
outside an. preset acceptable' range of values. 

JO A method according to claiTn S, fi;rther coTrprising 

monitoring the va^lues of the differences over cime and if . 
Che valiies^ ox the- differences is indicative- of' the." arc being- 
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sufastaatiallir contiauoueiy to -one side of the desired path 
effecting a correcting laovemant of the arc. 

7. A method according to any prece<i4ng .cXaisi, . wherein the 
5 electrical characteristics- that are ascertained include one 
or more of the arc voltage, the current, and the,, arc 
XESJedance . 
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A method according to- any precediag claisi, wherein tw> 
of the torches effecting welding of the pipe, weld at 
different rates. 



9. A method according to any preceding, claim, whereia the 
separation,, between: the- respsctive- arcs is less- than- a fifth 

15 of the circumference of the pipes. 

10. A method according to any preceding claim, wherein the 
torches are arranged so that each torch is directly adjacent 



20 



to another torch . 

11. A mathod according to claim 2 or any of ciainE? 3 to 10" 
when dependent on claim 2, wherein a pluralicy of welding 
torches are ntounted on a single carriage. 

.25 12, A method according to claim. 1. or claim 11, wherein each 
corch is -a "continuous wire arc welding torch and the supply 
of the wire is mounted remotely from the carriage. 



.30- 



13. A met.hod according to claim 2, or any of claims 3 to 12 
when . dependent on claim- 2, wherein the angi-e of separation 
of the walls defining, the groove is, less than 10. degrees; 



wo 00/38872 



FCT/BP99/10505 



- 25 - 

14. A method accordxncp to any preceding claim, wherein the 
angle of. aeparatlon of the ^alls defining the groove is 6 
degrees or l^ess * 

'5- IS-. A TGSthod according to snv orsceding claini-, Hrnerein the 
walls defining the groove are substantially parallel . 

16, A method according to claim 2, or any of claims 3 to 15 
when dependent on claim 2., wherein each torch is movable 

1:0 independently in a direction having a component parallel to 
the axis of the pipe , 

17, A. raethod according to claim 2, or any of claims 3 to 16 
vhen depeiKient: on claisi 2., wherein the torches are utoved so 

IS that! tiia respecti.ve positions of. the arcs within the groove 
■oscillate' Ice t. ween '"the waXXs in -a "-di recti ion ■ having .a 
coir^KJnent paxailel to the axis of the pipe. 

18, A method according to claim 1, claim IS or claim 17, 
20 wherein the tiKsvement of each torch in said direction having 

a coziiponent parallel to the axis of the pipe is: driven by a 
respective xndeip&ndenvi prime^ mo\rer. 

19 , .A method according to any preceding claim, wherein a 
2S sirigle printa oK^ver effects- jiioticn of" the torches' along -the- 

lergt:h of the groove. 

20 ,. A- method accox"ding to any. preceding claim, wherein each 
torcii- isr cooled-- during operation, 

30 

21. A method according to claim 20, wherein the torches are 
water cooled. 
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22 . A method according to any preceding claim, wherein the 
pipes are of a size and have a wail, thickness .suitable for 
fomsing a deep sea pipeline or a cross country pipeline, and 
the pipes are joined by butt welding affected by an 
automaticaily guiding welding apparatus/ the method 
ccHisprising the steps of 

- arrangijsg co^axially t-;^o pipes to be joined next to each 
other, the end walls of the pipes facing each other 
defining a circtiinfersntialiy extending bevelled groove 
having a left Wciil and a right wall, 

- providing a welding apparatus including 

- . a gnide inoxmted aroxind the circumf erence of the 
pipe, 

- at least one autoniatic tracking croiley ttaounted on 
the guide for movement thereaiong and around the pipe 
under the eoEtrol of a .control unit , the or each 
trolley conprising locking and sliding devices 
engageable with the guide,, and. puilins units., fox- 
pulling the or each croiley along the guide, 

- two continuous -wire oscillating welding torches 
mounted on the or each trolley, and 

- a wire feeding means for feeding wire to each 
oscillating welding torch, 

- moving the welding torches around the guide and 
operating the torches to effect welding of the Isfz wall 
and right wall of the groove to weld the pipes together, 

- in respect of, each,, torch, aseercaining, at each- ox s- 
rrtuitiplicity of inscancs over- time, electrical pararneter 
values relating to the voltage, current .intensity and 
voltaic -arc impedance of boch the left wall and the right 
wall of the groove during the continuous movement of the 
oscillating toxches.,. 
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- in respect of each torch, calculating the difference 
faecween the electxical parameter values for the right 
wall and for the left wall, 

"in respect of -each --torch, cozr^aring- 'the- values, -of -the 
5 differences caicnlated, at each instant, v/ith preset 

valuer held in -a processing. -means t-o determine'.,- -a-o each- 
instant # the^ shifting of these values , 

- piloting the variation in the of each 
osciiiating welding torch hy activating, each tiine the 

10 shifting in relation to the respective torch exceeds a 

pxTB'set limit,, a drive means for orienting the torch; so 
that the welding run is deposited in the centre of the 
throat of the groove and then s'afast ant ially superlntposing 
the welding run on the notional central line of the 

1 5 ■ grd:>ve , and 

- providing a protective atisosphere of active carbon 
dioxide^ ga3S:» whereby 

pipes with wall's- that"" are* rel'atlvely;"' thick and so bevelled.' 
that the angle between the left and xight walls of the 
20 groove defxued, :betrwe.en t:he ends of the pipes is relatively 
low tmy be quickly welded together in an economical manner . 



23 . welding apparat:as for -u>elding pipes together to f onn a 

.pipeline- .cosr^riaing^ 
25 a carriage carrying a plurality of' arc welding torches. 

a contxol unit for facilit^ating automatic guidance of 

the arcs produced by the torches, v/herein the apparatus is 

so conf igured that it may be used to. weld tc^ether two pipes. 

laid end 'to end'' def isring/ ■tls^^rehetweeii a-graove>. by -arranging 
30 the apparatus so that: 

the carriage is mounted for movecnent around the 

circumference of^ the pipes. 



wo 00/3^72 ^ 

' 28 ' 

the conttol unit receives signals representing 
electrical characteristics of the valdin^ ^th -regard to 
each pipe, respectively, v&erefay 

the control unit facilitates autojaatic guidance of the. 
5. arc of each torch ,aior^ - the - groove ■ fay- comparing -the signals 
relating to one of the pipes with the corresponding si^ais 
,rela.t:inc[ .to the - other of the :pi0e's. 
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24. Apparatus according to claim 23;, therein . the^ apparatus 
i^ so configured tihat it is si^ltaole for use in a method of 
welding two „pipes together .according to claim 2 or any of 
el ain^ 3 to 22 when depandent on claim 2 . 

25 , Apparatus according to claim 23 , wherein the apparatus 
15 is so configured that it is suitable for use in a methoa .of 

f^orming a xieep sea pipeline or a cross country pipeline 
according to claim 1 or any of claims 3 to 10^ 12, 14^ IS 
and IS to 22 when dependent on claim 1. 
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26, Apparatus according to any of ciaiios 23 to 25, vmersin 
each torch -is -provided -with -a -respective control unit. 

27 . A carriage having a piuraiity . of welding torches 
mounted thereon for use in the method of any of claim 1, 
claim 11 and claira .12 . 
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